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(57) ABSTRACT

Provided is an image capturing apparatus for capturing an
image of atarget object by optically scanning the target object
by moving in a predetermined scanning direction. The appa-
ratus includes light-receiving devices that are arranged on a
light-receiving surface of the image capturing apparatus in a
direction perpendicular to the scanning direction, where each
light-receiving device accumulates an electric charge accord-
ing to an amount of light received from the target object; and
an output device that outputs the electric charge accumulated
by each light-receiving device regularly at a predetermined
output period which is determined in a manner such that the
larger the length in the scanning direction of a light-receiving
range for the target object by the light-receiving device, the
longer the output period.
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IMAGE CAPTURING APPARATUS, IMAGE
CAPTURING METHOD, IMAGE CAPTURING
CIRCUIT, AND PROGRAM

TECHNICAL FIELD

The present invention relates to an image capturing appa-
ratus, a image capturing method, a image capturing circuit,
and a program, so as to capture an image of a target object to
be captured by optically scanning the target object when
moving in a predetermined scanning direction.

This application claims priority to and the benefits of Japa-
nese Patent Application No. 2009-169965 filed on Jul. 21,
2009, the disclosure of which is incorporated herein by ref-
erence.

BACKGROUND ART

In a conventional technique, when performing image cap-
turing by scanning a target object in a specific scanning direc-
tion (e.g., satellite observation using the orbit of an artificial
satellite), an optical detector called a line CCD (Charge
Coupled Device) is used, in which a plurality of light-receiv-
ing elements, each corresponding to one pixel, are arranged in
a direction perpendicular to the scanning direction (see, for
example, Patent Document 1).

Hereinafter, an image capturing method of the conven-
tional technique by an image capturing apparatus using the
line CCD will be described using the drawings.

FIG. 5 is a diagram showing a known satellite observation
method.

As shown in FIG. 5, an artificial satellite which moves in an
AT (Along Track) direction, which is a traveling direction of
the satellite and also a scanning direction. The artificial sat-
ellite includes an image capturing apparatus which has a line
CCD in which light-receiving elements are arranged in a CT
(Cross Track) direction perpendicular to the orbit of the sat-
ellite.

After the image capturing is started, the image capturing
apparatus moves in the AT direction in accordance with the
movement of the artificial satellite. The light-receiving ele-
ments of the line CCD in the image capturing apparatus
receive light from each corresponding image capturing range
(i.e., light-receiving range from the target object by the light-
receiving elements) and accumulate (electric) charge which is
obtained by photoelectric conversion and corresponds to the
amount of received light.

When the line CCD completes the scanning of an image
capturing range corresponding to one pixel in the AT direc-
tion, the light-receiving elements each output the accumu-
lated charge, and start light reception from the next image
capturing range. Accordingly, the line CCD sequentially out-
puts electric charge corresponding to the amount of light from
the image capturing range in the CT direction, where each
image capturing range corresponds to one pixel in the AT
direction.

If'the output charge is converted into image information for
the CT direction, and the sequentially-obtained image infor-
mation is aligned in order of the image capturing time, then
the image of the target object is obtained.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Unexamined Patent Applica-
tion, First Publication No. 2000-078482.
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2
DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

However, in the conventional technique, the entire CCD in
the line direction is driven by the same line rate (i.e., the same
clock output frequency) so as to cover the entire visual field.
Therefore, the larger the angle between the light-receiving
direction of each light-receiving element and the vertical
direction (with respect to the ground surface), the larger the
image capturing range (GSD: Ground Sample Distance) cor-
responding to one pixel of the light-receiving element. Such
an increased image capturing range degrades the sharpness of
the relevant image.

Below, the above problem will be explained in detail.

FIG. 6 is a diagram showing a variation in the light-receiv-
ing range of each light-receiving element.

As shown in FIG. 6, the larger the angle between the
vertical direction and the light-receiving direction of each
light-receiving element, the larger the distance between the
light-receiving element and the light-receiving range
assigned thereto.

In addition, each light-receiving element has an angle of
view. Therefore, the larger the angle between the vertical
direction and the light-receiving direction of each light-re-
ceiving element, the larger the image capturing range corre-
sponding to one pixel of the light-receiving element and also
the longer the image capturing range in the AT direction.

Therefore, when the entire CCD in the line direction is
driven by the same line rate, the farther the light-receiving
direction of each light-receiving element from the vertical
direction, the larger the amount of light received from an area
(i.e., noise area) other than the target area corresponding to
one pixel (see FIG. 6).

In other words, the larger the angle between the vertical
direction and the light-receiving direction of each light-re-
ceiving element, the higher the ratio of light as noise to the
total amount of received light. Such increased noisy light
degrades the sharpness of the image in the AT direction.

The present invention has been made in view of the above
circumstances, and an object of the invention is to provide an
image capturing apparatus, an image capturing method, an
image capturing circuit, and a program, by which when per-
forming image capturing by scanning a target object in a
specific scanning direction, a variation in the sharpness of the
image due to different light-receiving directions of light-
receiving elements is reduced.

Means for Solving the Problem

The present invention has been made to solve the above
problems, and provides an image capturing apparatus for
capturing an image of atarget object by optically scanning the
target object by moving in a predetermined scanning direc-
tion, the apparatus comprising:

light-receiving devices that are arranged on a light-receiv-
ing surface of the image capturing apparatus in a direction
perpendicular to the scanning direction, where each light-
receiving device accumulates an electric charge according to
an amount of light received from the target object; and

an output device that outputs the electric charge accumu-
lated by each light-receiving device regularly at a predeter-
mined output period which is determined based on the length
in the scanning direction of a light-receiving range for the
target object by the light-receiving device.

The present invention also provides an image capturing
method using an image capturing apparatus that captures an
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image of atarget object by optically scanning the target object
by moving in a predetermined scanning direction, the method
comprising:

accumulating, by each of light-receiving devices arranged
on a light-receiving surface of the image capturing apparatus
in a direction perpendicular to the scanning direction, an
electric charge according to an amount of light received from
the target object; and

outputting, by an output device, the electric charge accu-
mulated by each light-receiving device regularly at a prede-
termined output period which is determined based on the
length in the scanning direction of a light-receiving range for
the target object by the light-receiving device.

The present invention also provides an image capturing
circuit for capturing an image of a target object by optically
scanning the target object by moving in a predetermined
scanning direction, the apparatus comprising:

light-receiving circuits that are arranged on a light-receiv-
ing surface of the image capturing apparatus in a direction
perpendicular to the scanning direction, where each light-
receiving circuit accumulates an electric charge according to
an amount of light received from the target object; and

an output circuit that outputs the electric charge accumu-
lated by each light-receiving circuit regularly at a predeter-
mined output period which is determined based on the length
in the scanning direction of a light-receiving range for the
target object by the light-receiving circuit.

The present invention also provides a program that makes
a computer, which is built in an image capturing apparatus,
function as an output device, wherein:

the image capturing apparatus optically scans a target
object by moving in a predetermined scanning direction, and
has light-receiving devices arranged on a light-receiving sur-
face in a direction perpendicular to the scanning direction,
where each light-receiving device accumulates an electric
charge according to an amount of light received from the
target object; and

the output device outputs the electric charge accumulated
by each light-receiving device regularly at a predetermined
output period which is determined based on the length in the
scanning direction of a light-receiving range for the target
object by the light-receiving device.

Effect of the Invention

According to the present invention, the output device out-
puts the electric charge accumulated by each light-receiving
device regularly at a predetermined output period which is
determined based on the length in the scanning direction of a
light-receiving range for the target object by the light-receiv-
ing device. That is, electric charge output is performed based
on an individual output period determined in accordance with
the light-receiving direction of each light-receiving device.
Therefore, the degree of sharpness for image quality can be
determined for each light-receiving device, and thus it is
possible to reduce a variation in the sharpness of the image
due to different light-receiving directions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a general block diagram showing the structure of
an image capturing apparatus as an embodiment of the
present invention.

FIG. 2 is a diagram showing a positional relationship
between the earth and an artificial satellite.

40

45

55

60

65

4

FIG. 3 is a diagram showing the length of a light-receiving
range on the ground surface when the light-receiving direc-
tion differs from the vertical direction for the artificial satel-
lite.

FIG. 4 is a diagram showing an example of synthesizing
output images obtained by different line rates.

FIG. 5 is a diagram showing a known satellite observation
method.

FIG. 6 is a diagram showing a variation in the light-receiv-
ing range of each light-receiving element.

MODE FOR CARRYING OUT THE INVENTION

Below, an embodiment of the present invention will be
explained in detail with reference to the drawings.

FIG. 1 is a general block diagram showing the structure of
an image capturing apparatus as an embodiment of the
present invention.

An image capturing apparatus 1 has a line rate computation
unit 11, a clock control unit 12 (i.e., output device), a linear
TDI-CCDs (Time Delay Integration Charge Coupled
Devices) 13-1 to 13-5 (i.e., light-receiving devices), and out-
put registers 14-1 to 14-5.

In the present embodiment, the image capturing apparatus
1 is installed in an GPS satellites (flying body), and the earth
is a target object to be captured.

The line rate computation unit 11 computes a line rate
(corresponding to the output frequency) of a charge transfer
clock signal for controlling each of the linear TDI-CCDs 13-1
to 13-5.

The clock control unit 12 outputs the charge transfer clock
signal at the line rate (computed by the line rate computation
unit 11) to each of the linear TDI-CCDs 13-1 to 13-5.

The linear TDI-CCDs 13-1 to 13-5 are one-dimensional
sensors, each having light-receiving elements in the AT and
CT directions.

Each of the light-receiving elements in the linear TDI-
CCDs 13-1 to 13-5 accumulates (electric) charge in accor-
dance with the amount of light received from the target object,
and transfers, by the relevant charge transfer clock signal
output from the clock control unit 12, the accumulated charge
to an adjacent light-receiving element positioned opposite the
scanning direction.

Additionally, in linear TDI-CCDs 13-1 to 13-5, the last
light-receiving elements positioned in the reverse of the scan-
ning direction transfer the relevant charge to the correspond-
ing output registers 14-1 to 14-5 by means of the charge
transfer clock signals. That is, the linear TDI-CCDs 13-1 to
13-5 perform transfer and synthesis of electric charge by
using temporal delay.

The output registers 14-1 to 14-5 store the charge output
from the linear TDI-CCDs 13-1 to 13-5.

The linear TDI-CCDs 13-1 to 13-5 arranged in the CT
direction on the light-receiving surface of the image capturing
apparatus 1 accumulate electric charge in accordance with the
amount of light received from the target object, and the clock
control unit 12 makes the linear TDI-CCDs 13-1 to 13-5
output the accumulated charge periodically according to a
specific output period, which is determined in a manner such
that the larger the length of light-receiving range (by the linear
TDI-CCDs 13-1 to 13-5) on the target object in the scanning
direction, the longer the specific output period.

According to the above structure, it is possible to reduce
variations in the sharpness of the image, due to a difference
between the light-receiving directions of the linear TDI-
CCDs 13-1 to 13-5.
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Below, the operation of the image capturing apparatus 1
will be explained.

Before starting the image capturing, the line rate compu-
tation unit 11 obtains information about height, speed, and
position of an artificial satellite in which the image capturing
apparatus 1 is built, from a satellite position control apparatus
of the artificial satellite.

The line rate computation unit 11 then computes a ground
speed (scanning speed) of the artificial satellite, where the
ground speed equals to a moving speed of a map, which is
obtained by projecting the artificial satellite onto the ground
surface and moves on the ground surface in accordance with
the travel of the artificial satellite.

FIG. 2 is a diagram showing a positional relationship
between the earth and an artificial satellite.

Since the equation of motion of the artificial satellite is
defined by Formula (1), satellite speed V,,, is obtained by
Formula (2), and ground speed V is obtained by Formula (3).

[Formula 1]

2 (69)

sat_ _

R+h

Mm
(R + h)?

[Formula 2]

@

[Formula 3]

oy R )
=Verah

In the above formulas, m denotes the mass of the artificial
satellite, R denotes the radius of the earth, h denotes the height
of the artificial satellite (called “satellite height”) from the
ground surface, G denotes the universal constant of gravita-
tion, and M denotes the mass of the earth.

After computing the ground speed of the artificial satellite,
the line rate computation unit 11 computes a line rate assigned
to each of the linear TDI-CCDs 13-1 to 13-5.

If a light-receiving direction of the linear TDI-CCDs 13-1
to 13-5 is substantially identical to the vertical direction from
the artificial satellite (i.e., direction of orthogonal projection
onto the target object), the line rate computation unit 11
computes a line rate at which the travel distance on the ground
surface of the artificial satellite coincides with the length in
the AT direction of a predetermined area assigned to one pixel
for light reception.

Therefore, line rate f for the linear TDI-CCDs 13-1 to 13-5
at which the relevant light-receiving direction is substantially
identical to the vertical direction from the artificial satellite is
obtained by Formula (4).

[Formula 4]

)

ol =

In the above formula, D denotes the length in the AT direc-
tion of the area corresponding to one pixel for light reception.

FIG. 3 is a diagram showing the length of a light-receiving
range on the ground surface when the light-receiving direc-
tion differs from the vertical direction for the artificial satel-
lite.
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6

When a light-receiving direction of the linear TDI-CCDs
13-1to 13-5 differs from the vertical direction for the artificial
satellite, the length in the AT direction of the light-receiving
range (for the linear TDI-CCDs 13-1 to 13-5) on the ground
surface is larger than that measured when the light-receiving
direction equals to the vertical direction for the artificial sat-
ellite.

Therefore, line rate f for the linear TDI-CCDs 13-1 to 13-5
when the relevant light-receiving direction differs from the
vertical direction for the artificial satellite is obtained by
Formula (5).

[Formula 5]

_ v )
~ hftan(0 + @) — tana}

!

In the above formula, a denotes the angle between a light-
receiving direction of the linear TDI-CCDs 13-1 to 13-5 and
the vertical direction for the artificial satellite, and O denotes
the angle of view of one light-receiving element in the linear
TDI-CCDs 13-1 to 13-5. That is, the denominator of Formula
(5) corresponds to D in the above Formula (4), and indicates
the length in the AT direction corresponding to one pixel for
light reception when the light-receiving direction differs from
the vertical direction for the artificial satellite.

Accordingly, the larger the length in the AT direction of the
light-receiving range for the linear TDI-CCDs 13-1 to 13-5,
the smaller the computed line rate. In other words, the larger
the length in the scanning direction of the light-receiving
range for the linear TDI-CCDs 13-1 to 13-5, the longer the
period at which the linear TDI-CCDs 13-1 to 13-5 each output
the charge to the corresponding output register.

Therefore, in the linear TDI-CCDs 13-1 to 13-5, the larger
the length in the AT direction of the light-receiving range, the
larger the length of the area assigned to one pixel for light
reception.

Accordingly, the line rate computation unit 11 computes
the lie rate for each of the linear TDI-CCDs 13-1 to 13-5 by
using Formula (4) or (5). The line rate is fixed for each of the
linear TDI-CCDs 13-1 to 13-5, where a line rate most suitable
for the center light-receiving element in each of the linear
TDI-CCDs 13-1 to 13-5 is determined to be a line rate
assigned to the corresponding one of the linear TDI-CCDs
13-1 to 13-5, which includes the relevant light-receiving ele-
ment.

After the line rate computation unit 11 computes the line
rate of each of the linear TDI-CCDs 13-1 to 13-5, the image
capturing apparatus 1 starts image capturing. That is, the
clock control unit 12 outputs a charge transfer clock signal to
each of the linear TDI-CCDs 13-1 to 13-5, where the signal
operates by the line rate computed by the line rate computa-
tion unit 11.

Accordingly, each light-receiving element in the linear
TDI-CCDs 13-1 to 13-5 accumulates electric charge in accor-
dance with the amount of light received from the target object,
and transfers the accumulated charge to an adjacent light-
receiving element arranged in the reverse of the scanning
direction, based on the relevant charge transfer clock signal
output from the clock control unit 12.

Additionally, in linear TDI-CCDs 13-1 to 13-5, the last
light-receiving elements positioned in the reverse of the scan-
ning direction transfer the relevant charge to the correspond-
ing output registers 14-1 to 14-5 by means of the relevant
charge transfer clock signals.
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Accordingly, for each light-receiving element in the linear
TDI-CCDs 13-1 to 13-5, the larger the light-receiving range
on the ground surface, the later the timing of the charge
transfer and thus the larger the area corresponding to one
pixel for light reception. Therefore, the ratio of noisy light to
the total amount of light is reduced, thereby preventing the
sharpness of the image in the AT direction from being
degraded.

FIG. 4 is a diagram showing an example of synthesizing
output images obtained by different line rates.

Since the linear TDI-CCDs 13-1 to 13-5 are operated by the
charge transfer clock signals having different frequencies as
described above, the linear TDI-CCDs 13-1 to 13-5 output to
the corresponding output registers 14-1 to 14-5, images hav-
ing different numbers of samples. Similarly, the linear TDI-
CCDs 13-1 to 13-5 have respective ranges for the area
assigned to one pixel for light reception.

Therefore, as shown in FIG. 4, in the images output to the
output registers 14-1 to 14-5, the length of each pixel is set to
avalue obtained by multiplying a predetermined length by the
inverse (number) of the corresponding line rate, so that the
output images can have the same length in the AT direction
and can be synthesized.

Referring to FIG. 1, the image capturing ranges of the
linear TDI-CCDs 13-1 to 13-5 have overlapped areas in the
line direction. In this case, the images output to the output
registers 14-1 to 14-5 include partially-overlapped pixel
parts, which provides easy synthesis of the images output to
the output registers 14-1 to 14-5 into one image.

As described above, in accordance with the present
embodiment, the clock control unit 12 outputs a charge trans-
fer clock signal at each output period determined based on the
length in the scanning direction of the light-receiving range
on the target object, for each of the linear TDI-CCDs 13-1 to
13-5, that is, performs charge output based on the individual
output period depending on each light-receiving direction for
the linear TDI-CCDs 13-1 to 13-5.

Accordingly, it is possible to determine the degree of
sharpness for image quality, for each of the linear TDI-CCDs
13-1 to 13-5, thereby reducing variation in the sharpness of
the image due to the different light-receiving directions.

An embodiment of the present invention has been
described above in detail with reference to the drawings, but
a specific configuration is not limited thereto and various
design changes and the like may be made without departing
from the scope of the present invention.

For example, although the image capturing apparatus 1 is
installed in an artificial satellite in the present embodiment,
the present invention is not limited thereto. Similar effects can
be obtained when the image capturing apparatus 1 is installed,
for example, in another flying object such as an airplane or
balloon.

Additionally, although five linear TDI-CCDs are provided
in the present embodiment, the present invention is not lim-
ited thereto and a configuration having two or more linear
TDI-CCDs may be employed.

Here, employing a larger number of linear TDI-CCDs so as
to reduce the number of light-receiving elements in the CT
direction of each linear TDI-CCD, even a light-receiving
element positioned at an end of each linear TDI-CCD in the
CT direction can be driven by a line rate close to the optimum
line rate for the light-receiving element, thereby further
reducing the variation in the sharpness of the image.

In addition, although the linear TDI-CCDs 13-1 to 13-5 are
used as light-receiving devices in the present embodiment,
the present invention is not limited thereto and other one-
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8

dimensional sensors such as line CCDs which do not perform
TDI operation may be used as the light-receiving devices.

Additionally, although the line rate computation unit 11
obtains height information from a satellite position control
apparatus in the present embodiment, the present invention is
not limited thereto. If the artificial satellite travels along an
orbit having a fixed height (e.g., sun synchronous orbit), aline
rate for a predetermined height may be computed in advance,
which can omit the on-board computation (during the travel)
by the line rate computation unit 11.

The above-described image capturing apparatus includes a
computer system. The operation of the line rate computation
unit 11 is stored as a program in a computer-readable storage
medium, and the operation is performed when the relevant
computer loads and executes the program.

The above computer readable storage medium is a mag-
netic disk, magneto optical disk, CD-ROM, DVD-ROM,
semiconductor memory, or the like.

In addition, the relevant computer program may be pro-
vided to a computer via a communication line, and the com-
puter which received the program may execute the program.

In addition, the program may execute a part of the above-
explained functions, or may be a program (so-called “difter-
ential program”) by which the above-described functions can
be executed by a combination of this program and an existing
program which has already been stored in the relevant com-
puter system.

INDUSTRIAL APPLICABILITY

According to the present invention, electric charge is out-
put based on different output periods associated with respec-
tive light-receiving directions of light-receiving devices.
Therefore, the degree of sharpness for image quality can be
determined for each light-receiving device, and thus it is
possible to reduce a variation in the sharpness of the image
due to different light-receiving directions.

REFERENCE SYMBOLS

1: image capturing apparatus
11: line rate computation unit
12: clock control unit

13-1 to 13-5: linear TDI-CCD
14-1 to 14-5: output register

The invention claimed is:
1. An image capturing apparatus for capturing an image of
a target object by optically scanning the target object by
moving in a predetermined scanning direction, the apparatus
comprising:
light-receiving devices that are arranged on a light-receiv-
ing surface of the image capturing apparatus in a direc-
tion perpendicular to the scanning direction, where each
light-receiving device has a plurality of light-receiving
elements in the direction perpendicular to the scanning
direction and accumulates an electric charge according
to an amount of light received from the target object; and
an output device that outputs the electric charge accumu-
lated by each light-receiving device regularly at a pre-
determined output period which is determined in a man-
ner such that the larger the length in the scanning
direction of a light-receiving range for the target object,
which is covered by the light-receiving device, the
longer the output period, wherein:
the length in the scanning direction of the light-receiving
range for the target object is represented by:
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D=h{tan(6+0)-tan a} [Formula 6]

where h denotes a distance obtained by orthogonal projection
of'each light-receiving device onto the target object, 6 denotes
an angle of view of the light-receiving device in the scanning
direction, and a denotes an angle between a direction of the
orthogonal projection of the light-receiving device onto the
target object and a light-receiving direction of the light-re-
ceiving device.

2. The image capturing apparatus according to claim 1,
wherein:

the output period has a value obtained by dividing the

length in the scanning direction of the light-receiving
range for the target object by a scanning speed.

3. The image capturing apparatus according to claim 1,
wherein:

each light-receiving device is a one-dimensional sensor

having the light-receiving clements arranged in the
direction perpendicular to the scanning direction.

4. The image capturing apparatus according to claim 1,
wherein:

each light-receiving device also has light-receiving ele-

ments arranged in the scanning direction and performs
transfer and synthesis of the electric charge by using
temporal delay.

5. The image capturing apparatus according to claim 1,
wherein:

the image capturing apparatus is mounted on a flying

object and the scanning direction is a traveling direction
of' the flying object.

6. The image capturing apparatus according to claim 1,
wherein:

each light-receiving device has an individually set line rate

for charge transfer and the light-receiving elements of
each light-receiving device have the same line rate.

7. An image capturing method using an image capturing
apparatus that captures an image of a target object by opti-
cally scanning the target object by moving in a predetermined
scanning direction, the method comprising:

accumulating, by each of light-receiving devices arranged

on alight-receiving surface of the image capturing appa-
ratus in a direction perpendicular to the scanning direc-
tion, an electric charge according to an amount of light
received from the target object, where each light-receiv-
ing device has a plurality of light-receiving elements in
the direction perpendicular to the scanning direction;
and
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outputting, by an output device, the electric charge accu-
mulated by each light-receiving device regularly at a
predetermined output period which is determined in a
manner such that the larger the length in the scanning
direction of a light-receiving range for the target object,
which is covered by the light-receiving device, the
longer the output period, wherein:

the length in the scanning direction of the light-receiving
range for the target object is represented by:

D=h{tan(6+0)-tan a} [Formula 6]

where h denotes a distance obtained by orthogonal projection
of'each light-receiving device onto the target object, 6 denotes
an angle of view of the light-receiving device in the scanning
direction, and c denotes an angle between a direction of the
orthogonal projection of the light-receiving device onto the
target object and a light-receiving direction of the light-re-
ceiving device.
8. An image capturing circuit for capturing an image of a
target object by optically scanning the target object by mov-
ing in a predetermined scanning direction, the apparatus com-
prising:
light-receiving circuits that are arranged on a light-receiv-
ing surface of the image capturing apparatus in a direc-
tion perpendicular to the scanning direction, where each
light-receiving circuit has a plurality of light-receiving
elements in the direction perpendicular to the scanning
direction and accumulates an electric charge according
to an amount of light received from the target object; and

an output circuit that outputs the electric charge accumu-
lated by each light-receiving circuit regularly at a pre-
determined output period which is determined in a man-
ner such that the larger the length in the scanning
direction of a light-receiving range for the target object,
which is covered by the light-receiving circuit, the
longer the output period, wherein:

the length in the scanning direction of the light-receiving

range for the target object is represented by:

D=h{tan(6+0)-tan a} [Formula 6]

where h denotes a distance obtained by orthogonal projection
of'each light-receiving circuit onto the target object, 6 denotes
an angle of view of the light-receiving circuit in the scanning
direction, and c denotes an angle between a direction of the
orthogonal projection of the light-receiving circuit onto the
target object and a light-receiving direction of the light-re-
ceiving circuit.



